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GAS-PANEL ASSEMBLY 



Field of the Invention 

The present invention relates to a fluid manifold or gas panel assembly and 
5 components for constructing the fluid manifold having a plurality of separate 
fluid-flow pathways. 

Background of the Invention 

The manufacture of semiconductors involves using gases of very high purity 

10 such as oxygen as well as highly corrosive materials. These gases are controlled 
by fluid manifolds made up of valves, regulators, pressure transducers, mass flow 
controllers and other components that must maintain the purity of the gas, and also 
maintain resistance to the corrosive effects of the fluids. Currently, gas panels are 
used for mixing, pre-mixing, purging, sampling and venting the gases. Typically, the 

15 gas panel is used to provide a gas or a mixture of gases into a reaction chamber. 
These gas panels have historically been made up of hundreds of discreet or 
individual components, such as valves, filters, flow regulators, pressure regulators, 
pressure transducers, and connections. The fluid manifolds are designed to 
provide desired functions, such as mixing and purging, by uniquely configuring the 

20 various discreet components. 

Modular manifold systems have been introduced into the industry in order to 
overcome these problems. A gas panel comprising a plurality of modular blocks 
with passages routed in the blocks is described by Markulec etal. (U. S. Patent No. 
5,836,355). Modular substrate blocks which have both directional and transverse 

25 flow direction capabilities united in a single modular substrate block are described 
by Hollingshead (U.S. Patent No. 6,085,783). These modular systems were 
typically fashioned with the entire modular block made of high purity metal required 
for manufacture of semiconductors. Accordingly, these block components had high 
manufacturing costs due to the cost of the material and the complexity of machining 

30 multiple passageways of a single block. 

A modular block using different materials for the fluid passageway and the 
block is described in Eidsmore etal. (U.S. Patent No. 6,629,546). In this system, 
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the manifold system includes one or more bridge fittings that are mounted within a 
channel of a backing plate for structural support or in a support block. Thus, the 
bridge fittings are supported from beneath. Ohmi et al. (U.S. Patent No. 6,039,360) 
describes a gas panel having a holding member with a U-shaped cross-section and 
5 a channel member held by the holding member. A disadvantage of these systems 
is that the configuration of the system cannot be modified without taking the system 
apart. 

The present invention thus seeks to provide a fluid manifold that is rapidly 
configurable, easily reconfigurable, and cost efficient. 

10 

Summary of the Invention 

In one aspect, the invention includes a modular fluid manifold having a 
plurality of separate fluid-flow pathways. The manifold includes a plurality of 
pipe modules which form the fluid-flow pathways and a plurality of block 

15 modules which can be joined together in various configurations with said pipe 
modules to form the fluid manifold. The pipe modules each include an elongate 
pipe section and two or more connectors, each connector having a proximal end 
section joined in fluid communication with the elongate pipe section and a distal 
end section terminating at a support structure. In one embodiment, the support 

20 structure is a flange. 

Each block module in the manifold provides (i) at least one groove 
formed in the block module, such that the confronting grooves in two block 
modules, when joined together, form an opening for receiving at least a portion 
of the connector of the pipe module, thus to support the pipe module at the 

25 support structure, or flange, in the joined block modules, and (ii) structure for 
holding joined block modules in alignment with each other, such that block 
modules can be removed and replaced without removal of adjacent block or 
pipe modules. 

Each block module also includes structure for mounting the fluid 
30 components on the joined blocks, and for mounting the joined blocks on the 
support. In one general embodiment, the two mounting structures are separate 
structures, such that mounting a fluid component to a block can be performed 
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independently of mounting a joined block to the support. An exemplary 
structure for mounting the joined blocks on the support includes one or more 
slots formed in side regions of the blocks, where each slot is adapted to receive 
a portion of a washer therein. 

5 In one embodiment, the structure for holding the joined block modules 

comprises one or more alignment pins and one or more complimentary cavities 
for receiving the alignment pins. In another embodiment, at least a portion of 
the joined block modules overlap one another and the structure for holding the 
joined block modules comprises one or more fasteners for securing the 

10 modules. 

The pipe modules may be formed of a high-grade, non-corrosive material. 
In one embodiment, the pipe modules are formed of a material selected from 
31 6L VIM-VAR and Hastelloy™ 

In one embodiment, the block modules are formed of a material selected 
15 from the group consisting of carbon steel, stainless steel, aluminum, ceramic, 
and other suitable materials. 

The connectors are connected or joined to the elongated section through 
the distal end section of the connector. In one embodiment, the distal end 
section includes a Microfit™ fitting. In another embodiment, the distal end 
20 section sections is an elbow fitting. In yet another embodiment, the distal end 
section is a formed elbow. The pipe modules may further include at least one 
tee fitting. 

In another aspect, the invention includes components for constructing the 
fluid manifold having a plurality of separate fluid-flow pathways. The 
25 components include a plurality of pipe modules and a plurality of block modules, 
which can be joined together in various configurations with said pipe modules to 
form the fluid manifold. 

Brief Description of the Drawings 
30 FIG. 1 is a perspective view of a fluid manifold assembly shown with 

representative fluid components; 

FIGS. 2A-2C show fluid manifold configurations in perspective view (FIG. 
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2A), perspective, disassembled view (2B), and in sectional view through a sectional 
line2C-2C in FIG. 1A(2C); 

FIG. 3A-3B are perspective and cut-away views, respectively, of a pipe 
module having elbow connections; 
5 FIG. 4A-4B are perspective and cut-away views, respectively, of a pipe 

module having Microfit™ elbow connections; 

FIGS. 5A-5D are perspective and cut-away views of two different three- 
connector pipe modules; 

FIGS. 6A-6C show an embodiment of structure used in mounting a manifold 
10 block to a support; and 

FIGS. 7A-7F show a perspective view of steps employed in changing a 
manifold pipe-module configuration, in accordance with the invention. 

Detailed Description of the Invention 
15 I. Definitions 

The terms below have the following meanings unless indicated otherwise. 

The terms "fluid manifold" and "gas panel" are used interchangeably, and 
refer to a system of elements, some including pathways, and fluid components to 
regulate, transport and/or control a fluid, liquid, and/or vapor. 
20 The term •fluid" as used herein refers fluids, gases, and/or vapors. 

An element is in "fluid communication" with another element when a fluid is 
able to travel from one element to the other via capillary action and/or gravity. The 
elements do not need to be in direct contact; i.e., other elements through which the 
fluid can pass may be intervening. 

25 

II. Fluid manifold and manifold components 

The manifold of the invention, and various components thereof, are 
illustrated in FIGS. 1-7. As noted above, the device described herein is particularly 
useful with high purity fluids, gases, and vapors, as used in manufacturing 
30 semiconductors. It will be appreciated, however, that the manifold will be useful for 
any application for providing, maintaining, or regulating fluid, gas, or vapor flow. 

With reference to FIG. 1 , the components described in detail below are 
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shown in combination to construct a modular fluid manifold 10. As will be described 
below, the manifold is composed of a plurality of pipe modules (not seen) which 
form fluid pathways within the manifold, and a plurality of block modules, such as 
modules 12, 14. The fluid manifold is shown assembled with fluid components, or 
5 accessories, such as components, 16, 18, 20, used in conjunction with the fluid 
manifold. These fluid components are typically flow controls or flow regulators 
including, but not limited to, valves, flow regulators, pressure regulators, pressure 
indicators/transducers, and filters. The fluid components may be in fluid 
communication with any number of various fluid components including fluid flow 

10 regulators, fluid sources, pressure transducers, fluid outlets, etc. The fluid 

components are typically mounted on the surface of the fluid manifold and include 
an inlet and/or outlet for fluid communication with the components of the fluid 
manifold. It will be appreciated that the fluid components may be directly or 
indirectly mounted on the fluid manifold. Where the fluid component is indirectly 

15 mounted on the fluid manifold, any number of components including seals, heaters, 
locators, retainers, and spacers may be positioned between the fluid component 
and the fluid manifold. 

The manifold, and attached fluid components, are mounted on a base or 
support 22 which is shown in dotted lines. The support is typically wall-mounted or 

20 mounted on table legs to bring the support up to a convenient height for the user. 

FIGS. 2A-2C illustrate a modular unit 24 in the manifold. As seen in FIG. 2A 
four block modules, including modules 26, 28, 30, and 32, and three pipe modules 
34, 36, 38 are utilized to form the modular unit. FIG. 2A shows the unit in a fully 
assembled form, with each of the three pipe units supported within the structure 

25 formed by the four block units. Each block module, such as module 26, includes a 
groove or cut-out section, such as groove 40 in module 26 and groove 42 in module 
28. Each groove in turn, may be recessed at the upper surface of the block module, 
such as recess 46 in module 28 and recess 52 in module 30, to provide a seat for a 
flange, such as flange 48 in pipe module 36, to support the flanged end of the pipe 

30 module in the block unit, when the two confronting block modules, in this case, 
modules 26 and 28 are joined together with their grooves, such as grooves 40, 42, 
confronting one another. That is, the confronting grooves form an opening, such as 
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opening 44 through which the distal pipe section is received, with the flange of the 
pipe support within and on the recess formed by the two grooves. As will be 
appreciated, the flange in the opening recess supports the associated end of the 
pipe module within the joined block sections, with the other end of the pipe module 
5 being similarly supported in an adjacent block unit. 

The block modules are preferably formed of an inexpensive and/or 
lightweight material. Such materials include different grades of stainless steel, 
different grades of aluminum, ceramic, sintered metals, stamped metals, and forged 
metals. In a preferred embodiment, the block modules are formed of stainless steel 
10 or aluminum. 

Each pipe module shown in FIGS 2A-2C includes a free, unsupported end 
which will become supported by an adjacent block unit constructed adjacent unit 24 
and also forming part of the manifold. That is, each pipe module is supported at 
one end within one block unit, and at its other end by an adjacent unit. More 

15 specifically, and as will be described below, each pipe module includes a support 
structure, for example a flange, such as flange 48 supported in module unit 24, and 
flange 50 supported in an adjacent module. The flanges, such as flanges 48, 49, 
50, 54, are designed and dimensioned to be received in recesses, such as 
recesses 46 and 52. It will be appreciated that the recess may be dimensioned 

20 such that the flange rests flush with the upper surface of the block module. 

Alternatively, the recess may be dimensioned such that the flange is recessed from 
the block module upper surface, not shown. In this embodiment, the flange may be 
recessed sufficiently to partially or wholly receive a seal, such as an o-ring, metal 
washer, C seal, W seal, or any other seal known in the art. The flanges may be 

25 attached to the distal end of the pipe modules by welding or other known means 
Alternatively, the flange may be formed at the distal end of the connector section. In 
one embodiment, not shown, the connector extends through opening of the joined 
block module grooves and the flange rests on the top surface of the block module. 
FIGS. 3A and 3B, 4A and 4B illustrate two different types of pipe modules, 

30 indicated at 56 and 58, respectively, suitable in the invention. FIGS. 3A-3B show a 
perspective and cut-away views of pipe module 56 whose fluid flow path is defined 
an elongate section 57 joined to connectors 61 , 63 at either end. Each connector is 

6 
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formed of a distal end section, such as distal end section 60 in connector 61 and 
distal end section 62 in connector 63, and a proximal end section, such as proximal 
end section 68 in connector 61 and proximal end section 70 in connector 63 which 
joins the connector in fluid communication to the associated end of the elongate 
5 pipe section. Thus, each pipe module forms a fluid-flow pathway, indicated at 128 
in pipe module 56 defined by the elongate pipe section and terminal connectors. 

In the embodiment shown in FIGS. 3A-3B, the connector distal end sections 
include a formed, continuous pipe elbow. In the embodiment shown in FIGS. 4A- 
4B, the connector distal end sections include a Microfit™ elbow fitting 72, 74, joined 

10 to an elongate pipe section 59. It will be appreciated that the elongate section may 
be joined to a connector by any suitable fitting or bend pipe section. 

As noted above, a distal end section of the connector includes structure for 
supporting the pipe module. In a preferred embodiment, this structure is a flange, 
such as flanges 76, 78 in pipe module 56, and flanges 80, 82, in pipe module 58. In 

15 other embodiments, the structure for supporting the pipe module in a block module 
can be one or more pins or a collar attached in the distal end section for engaging 
complementary recess structure in the two block modules that will support the pipe 
modules. For convenience, the pipe modules will be discussed hereafter as 
including a distal-end flange. 

20 The elongate section may be welded or otherwise permanently joined to the 

connectors, as described above. In another embodiment, a weldless system may 
be used, especially for an ultra clean application. The pipe module may further 
comprise two elbow type fittings joined together without an elongate pipe section, 
not shown. In yet another embodiment, all or part of the pipe module, including 

25 elongate member, connector sections, and flanges may be formed of a single piece, 
not shown. The elongate pipe section and connector sections are typically joined to 
form a U-shape or W shape (three connectors), however, other shapes are 
possible. In another embodiment, the pipe modules include one or more external 
connections that may serve as an inlet and/or outlet for connection of a fluid line or 

30 source, a waste or overflow receptacle, or the reaction chamber. The external 

connections may include any suitable fitting, such as a VCR connection, not shown, 
for connection to an external source, purge, receptacle, or waste. 
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For ultra-high purity embodiments, the fluid-flow pathway, such as pathway 
128, may be internally electropolished and/or finished according to known methods 
to prevent corrosion and to provide an ultra-clean environment. In a preferred 
embodiment, all wetted surfaces including the fluid-flow pathway and flanges are 
5 electropolished. 

The pipe modules may be formed of any material suitable for the application. 
For ultra-high purity applications, the pipe modules may be formed of high-grade 
stainless steel such as 304SS and 316SS, nickel alloys, sintered alloys, ceramic, 
high grade aluminum, tungsten alloys, and titanium alloys. In a preferred 

10 embodiment, at least the wet surfaces (flow path and the flange) of the pipe 

modules are formed of a non-corrosive, corrosion resistant, or non-reactive metal or 
alloy. In a more preferred embodiment, the pipe modules are formed of 31 6L VIM- 
VAR or an alloy such as Hastelloy™ (available from Haynes International). For 
industrial uses, any suitable plastic or metal is suitable. It will be appreciated 

15 that each of the elongate section, connector sections and flanges may be 
formed of a different material. It will further be appreciated that the block 
modules may, but need not be, formed of the same material as the pipe modules. 

The pipe module may have other configurations in response to the 
necessary functions of the fluid manifold. FIGS. 5A-5B show a perspective and cut- 

20 away view of a three-connector pipe modules 84 having both end and internal 
connectors 94, 96, 98 as shown, and two elongate pipe sections, such as sections 
86, 87, each being connected at an end to one of the connectors, as shown. As 
seen in FIGS 5C-5D the pipe module may include a combination of fittings. In this 
embodiment, a pipe module 105 includes a pair of elongate pipe sections 106, 108, 

25 each joined to an end connector, such as connector 110, through an elbow joint and 
to an internal connector, such as connector 112, through another type of fitting. The 
three-connector pipe modules just illustrated is used where it is desired to have two 
input gases enter and mix in a single pathway, or a single gas input distributed to 
two different gas accessories. 

30 With further reference to FIGS. 2A-2C, the block modules may further 

include at least one structure for holding the block modules in alignment with each 
other. In one embodiment, the structure for holding the block modules in alignment 

8 
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includes at least one alignment pin, such as pin 130 and a cavity or recess, such as 
recess 132 for receiving the pin on an adjacent block module, such that when the 
block modules are joined, the alignment pin is at least partially retained in the cavity. 
In another embodiment, seen in FIG. 2B, the block modules may be formed to 
5 include overlapping sections, such as sections 134, 136 such that when two block 
modules are joined or mated, the sections at least partly overlie each other. It will 
be appreciated that the block modules may include more than one of the same type 
of alignment structure. 

As described above, the fluid components are designed to mounted on the 

10 upper surface of the modular-block manifold. In one embodiment, the block 

modules include structure for mounting the fluid components on the upper surface 
of joined blocks. In a preferred embodiment, the block modules include slots, such 
as slots 138, 140 for fastening the fluid component to the block module. In one 
embodiment, the top slot, such as slot 138 may have a smooth bore, to allow 

15 insertion of a bolt, and at least a part of the lower slot be threaded for fastening the 
bolt. Fasteners pass through openings in the base of the fluid components to 
secure the fluid components to the block modules. In a further embodiment, the 
screw or bolt passes through both block slots, such as slots 138, 140 and block 
modules, such as modules 30, 32 and is secured directly to base 22. In this 

20 embodiment, structure for mounting a gas component to the manifold is also the 
structure used in mounting the manifold on a base. 

As illustrated in FIGS. 1, and 6A-6C, the block modules may include 
separate structure for mounting the module units 176 to the support, base plate, or 
back plate 22, shown in FIG. 1. As seen in FIG. 6A-6C, the mounting structure may 

25 include a ledge or slot 142 formed in a side region of at least some of the blocks 
178, 180 for mounting the block module, and thus the module unit, to the back plate. 
In this embodiment, each slot is adapted to receive a portion of a washer 144 or 
other suitable component such that the washer at least partially overlaps the ledge 
on the block module. The washer is fastened to the base plate by a fastener 146 or 

30 any other suitable means including clamps, pins, and screws. In a preferred 
embodiment, the block units are secured at each corner to the base plate with the 
mounting structure 146. 
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The base plate will typically be a flat, rectangular plate, but can be any 
suitable shape or configuration. The width of the base plate is sized to 
accommodate at least one block module. Alternatively, the width may be sized to 
accommodate two or more block modules (as in FIG. 1 ). Alternatively, two or more 
5 base plates may be used in combination, where the base plates are either adjacent 
or placed end to end, to form the fluid manifold. The length of the base plate is 
sized according to the number of block modules required for the fluid manifold. It 
will be appreciated that two or more fluid manifolds may be connected. The base 
plate will typically include at least one cavity for receiving the module unit fastener 

10 146. The base plate may be comprised of any suitable material, including, but not 
limited to metal and metal matrix composites. The base plate is preferably 
comprised of an inexpensive and/or lightweight material such as aluminum or 
stainless steel. In another embodiment, the base plate is comprised of plastic. 

In another embodiment, the fluid manifold may be assembled as a multi-level 

15 manifold having two or more levels. In this embodiment, the fluid manifold is 
assembled as previously described with some modifications. The multi-level 
manifold includes an upper base plate and a lower base plate each with a fluid 
manifold assembled thereon. The upper and lower base plates may be separated 
by optional support blocks. The levels of the fluid manifold may be in fluid 

20 communication using a pipe module that connects the upper and lower levels. The 
upper and lower base plates may be fastened by any known means including clips, 
clamps, bolts and/or screws. 

The present invention allows for convenient reconfiguration of the unit 
modules. That is, it allows configuration of the manifold to be modified, e.g., to 

25 introduce another type of pipe module, without having to remove or adjust the 
position of an adjacent block module. This feature is illustrated in FIGS. 7A-7F, 
which show a block unit 145 composed of four block units 162, 164, 166, and 
169, and providing two openings 168, 170 for supporting connector ends of pipe 
modules 158, 160, respectively. In the particular example illustrated, it is 

30 desired to add a third pipe module 170 to the manifold adjacent these two pipe 
module ends, as shown at Fig. 7F. 

To make this modification to the manifold, the fluid component on the 

10 



Express Mail Label No. EV 337 198 741 US Attorney Docket No. 42368-8001 

block unit, if present, is first removed from upper surface of the block module. 
To remove block module 162, any structure for mounting the block module to the 
support or back plate is removed. Block modules 162, 164 are then removed, as 
illustrated in FIGS 7B and 7C, respectively. A block module 172 having grooves 
5 for receiving three pipe modules, as seen in FIG 7D, is then added, with 
attachment of this module acting to secure pipe modules 158, 160 in the 
manifold. The additional pipe module 170 is then added, as in FIG. 7E, and this 
pipe is secured in place and supported by attachment of a new block module 
174 to the manifold, as shown in FIG. 7F. 

10 It will be appreciated that any number of block modules and/or pipe 

modules may be removed and/or added to form the required configuration. In 
the present example, is noted that the existing pipe modules 158, 160 were not 
disturbed or removed and the configuration of the adjacent block modules was 
not changed. In particular, because the pipe modules are supported only at 

15 their upper connector ends, rather than internally within the block at their 
elongate pipe sections, it is possible to perform a number of modifications and 
replacements with without needing to remove existing pipe modules and/or to 
remove underlying block modules. 

The foregoing description of the embodiments of the present invention 

20 has been provided for the purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise embodiments 
disclosed. Obviously, many modifications and variations will be apparent to 
those skilled in this art. It is intended that the scope of the invention be defined 
by the following claims and their equivalents. 
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